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A Fourier transform infrared (FTIR) spectrometric
method was developed for the rapid, direct measurement
of casein in raw milk. Data acquisition parameters such as
resolution and the types of background spectra were
studied in detail to achieve optimum conditions. Two
chemometric approaches, partial least-squares (PLS)
analysis and principal components regression (PCR), were
used in data processing. The method was validated
against the International Dairy Federation reference
method and the results were satisfactory; the mean
difference from the reference method was 0.041% casein.
Regression analysis against the reference data gave a
slope of 1.00 (± 0.052) and a correlation coefficient of
0.976.
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A knowledge of the concentration of casein as opposed to the
concentration of total protein in milk is important in the cheese
industry. A rapid method of determination could therefore
permit the screening of milk for manufacturing cheese based on
the casein content.
Determination of the major components in milk using lengthy
chemical methods has largely been replaced during the past two
decades by rapid techniques such as infrared (IR) spectrometry.
Most of these IR methods are based on filter instruments. Only
recently have there been studies involving Fourier transform
infrared (FTIR) spectrometry for the determination of fat,
protein and lactose in milk.1,2 However, to date, there have been
no published studies on the determination of casein in milk
using FTIR spectrometry.
The only mid-IR measurements of casein were carried out
with filter instruments where the concentration of casein was
determined as the difference between the protein content of
milk before and after precipitation of the casein.3–5 However,
corrections to the determined casein content were required as
the matrices of the milk before and after precipitation of the
casein were significantly different. The need to precipitate the
casein and to carry out a second IR measurement makes casein
measurement with filter-IR instruments a relatively lengthy
procedure compared with the measurement of total protein, fat
and lactose. The aim of this study was to measure the casein
content accurately without involving precipitation of the casein.
Filter instruments are not capable of the direct measurement of
casein because a mid-IR region unique for casein has as yet not
been identified.
FTIR spectrometry provides an enormous amount of spectro-
scopic information about a sample, relative to the filter
instruments. The complete mid-IR spectrum (3000–1000 cm21)
can be acquired at high resolution within a few seconds. This
high speed allows the scanning of a large number of spectra
within a short time in order to achieve a high signal-to-noise
ratio. Chemometric methods such as principal components
regression (PCR) and partial least-squares (PLS) analysis are
commonly used to extract the specific information relevant to
the analyte of interest from the full spectrum.1,2
These two techniques yield more accurate calibration models
compared with multiple linear regression (MLR) where a
restricted set of absorption bands is used in the calibration.6
In this study, we investigated the possibility of the direct
measurement of casein in milk by FTIR spectrometry using
PCR and PLS approaches for calibration and quantification.
Data acquisition parameters, such as resolutions of 8 and 4
cm21, pre-processing conditions, such as ratioing against water
and air spectra, and calibration methods, such as PCR and PLS,
were compared and recommendations on the best options for
casein analysis are made.
Experimental
Data acquisition was performed using a Paragon 1000 PC FTIR
spectrometer equipped with Spectrum for Windows (Perkin-
Elmer, Beaconsfield, Bucks., UK), a heated transmission cell, a
demountable calcium fluoride cell with a 0.05 mm pathlength
and an electric heating jacket (P/N 20707) with an automatic
temperature controller (P/N 20140). All items except the
spectrometer and software were obtained from Graseby-Specac
(Orpington, Kent, UK). QUANT+ expert Version 3.00 (Perkin-
Elmer) was used for calibration and quantification. A homoge-
nizer of the type used in the Milko-Tester MK II (Foss Electric,
Slangerupgade, Hillerod, Denmark) was used to break down the
fat particles in milk to a consistent, uniform size before scanning
the FTIR spectra. Reference casein measurements, based on
Kjeldahl nitrogen determination, were carried out using a
Kjelfoss instrument (Foss Electric).
Samples
About 300 samples were obtained from several dairy farms at
the rate of about 25 per week. The fresh samples were
refrigerated and analysed within a maximum of 3 d, without
having to add any preservative. Representative sub-samples
from each sample were used for reference casein determination
and FTIR analysis. Twenty samples were used for validation.
Reference Analysis
The reference method was based on the International Dairy
Federation (IDF) method for casein determination.7 Single
analyses were carried out with duplicate analyses for a few
randomly chosen samples in each batch, to determine the
repeatability and the 95% confidence limits of the method. A
control sample was used with each batch of samples. The
percentage casein content in milk was expressed on an m/v
basis. 
FTIR Analysis
Samples were heated to about 40 °C in a water-bath,
homogenized and fed into the flow cell using a syringe. When
the temperature of the cell stabilized at 40.0 ± 0.1 °C, spectra
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were scanned. The spectra were scanned between 3000 and
1000 cm21 by averaging 10 scans for each spectrum with a
resolution of 4 cm21 (data point resolution/interval of 1 cm21)
and with a resolution of 8 cm21 (data point resolution/interval
of 2 cm21). Therefore, two different spectra (4/1 and 8/2) were
obtained for each sample.
Two types of background spectra were scanned: using Milli-
Q-purified water (Millipore, Bedford, MA, USA) in the flow
cell (at 40 °C) and by scanning air after sliding the flow cell out
of the light path. The background spectra also consisted of the
same number of scans, resolution and interval as the sample
spectra. Background spectra were scanned, on average, once for
every 10 samples.
Both sample and background spectra were scanned as a
single beam. The sample spectrum was divided by the
appropriate blank spectrum and the negative logarithm of the
resulting spectrum was calculated to obtain the absorption
spectrum. The absorption spectrum was then converted into
‘data manager’ format using the program Specconv available
with Spectrum for Windows, prior to calibration by QUANT+.
As the region between 1700 and 1600 cm21 was mainly due to
water,1 it was eliminated prior to calculations.
Calibration and Quantification
The QUANT+ method was set up with default options, unless
stated otherwise, with each calibration performed. In all cases,
the independent validation option was used and 20 samples
were tagged as validation samples before calibration was
carried out, so that they were not included in the calibration
model.
Because of unexpected limitations of QUANT+ on the size of
the data set, the calibrations could not be performed as planned.
Therefore, this study was carried out in two parts:
(i) The region of the spectrum that is relevant for casein
determination was identified using a smaller set of samples
(about 90 instead of 300). The 90 samples were selected from
the last few batches of milk collected, because a greater degree
of variation in casein concentration was found in the late-season
milk samples. This set was blanked with water or with air as
described earlier so that a comparison of the blanking procedure
could also be carried out at the same time.
(ii) All samples (about 300) were used in the calibration after
eliminating spectral regions that are not relevant for casein
determination, as determined in (i).
In both (i) and (ii), a comparison of data acquisition
conditions in terms of resolution/ interval and a comparison of
calibration methods (PCR versus PLS) were carried out.
Results and Discussion
Several different approaches were taken to overcome the matrix
size limitation of QUANT+ in handling large data sets.
According to the manufacturer, this limitation is due to the lack
of DOS memory and is expected to be eliminated in the
Windows version which is to be released in the near future.
The calibrations of this study were carried out without the use
of the ‘expert’ option because the memory requirement for this
option was very high. Further, as described below, the data
interval was expanded and parts of spectra were eliminated to
reduce the size of the data matrix required by QUANT+ for
calibration modelling.
(i) Calibration sets 1 and 2 were set up to study the effect of
the method of blanking on the results and to identify important
spectral regions for the determination of casein. In both
calibration sets 1 and 2, 90 samples were included and 20 were
tagged for validation. Calibration set 1 used air blanks and
calibration set 2 used water blanks, for the same 90 samples.
Both PLS and PCR were carried out using a resolution of 8
cm21 (interval 2) and a resolution of 4 cm21 (interval expanded
from 1 to 2). Four samples were rejected as outliers (using the
‘outliers’ plot) after the first calibration and the calibration was
repeated with the rest. The four outliers rejected were the worst
in the outliers plot and they were consistently presented as
outliers with all calibration models, suggesting erroneous
reference values. The validation results obtained for each model
are shown in Tables 1 and 2.
(ii) Calibration sets 3 and 4 used 300 samples after dividing
by appropriate water blank spectra. The resolution used for
acquisition was 4 cm21 (interval expanded from 1 to 3) in the
case of calibration set 3 and 8 cm21 (interval expanded from 2
to 4) in the case of calibration set 4. The results for calibration
sets 1 and 2 were used to select spectral regions that are highly
correlated with the casein concentration. The regions
3000–1600 and 1500–1300 cm21 were blanked out. PCR
calibration was carried out first; 12 samples were rejected as
outliers, and the calibration was repeated with the rest. The
same set was then used in PLS calibration. As PLS calibration
could accommodate a few more wavenumbers, an additional
PLS calibration (PLS-2) was carried out with the same set but
including the region 2800–3000 cm21. The validation results
for each model are shown in Tables 3 and 4. A maximum of only
400 (1600–1500 and 1300–1000 cm21) out of 2000 wav-
enumbers (3000–1000 cm21) could be used in the calibration
model because of the matrix size limitation of QUANT+.
Table 1 Comparison of the casein percentages predicted by calibration set
1 and those determined by the reference method
Air blank*
Sample* Reference 4/2 PCR 4/2 PLS 8/2 PCR 8/2 PLS
1 3.62 3.67 3.62 3.63 3.64
2 3.18 3.15 3.14 3.20 3.11
3 3.46 3.43 3.42 3.47 3.48
4 3.28 3.30 3.27 3.26 3.16
5 3.54 3.51 3.48 3.47 3.44
6 3.50 3.58 3.49 3.53 3.51
7 3.13 3.13 3.06 3.10 3.05
8 3.65 3.58 3.57 3.55 3.54
9 2.93 2.85 2.87 2.87 2.86
10 2.86 2.86 2.76 2.93 3.27
11 2.98 2.93 2.95 2.94 2.96
12 3.04 3.07 3.07 3.07 3.47
13 3.00 2.96 2.94 2.97 3.07
14 2.92 3.07 3.07 3.09 3.17
15 3.30 3.23 3.27 3.25 3.31
16 3.71 3.64 3.66 — —
17 3.35 3.27 3.28 3.29 3.39
18 2.71 2.71 2.75 2.73 2.76
19 3.44 3.41 3.42 3.40 3.41
20 3.27 3.02 3.13 3.22 3.27
n 16 11 8 15
MD 0.025 0.032 0.010 20.037
SDD 0.079 0.060 0.061 0.159
Slope† 0.959 0.945 0.904 0.726
SE slope† 0.063 0.047 0.048 0.122
y Intercept† 0.109 0.145 0.298 0.920
SE 0.080 0.059 0.057 0.143
predicted
value†
r† 0.963 0.978 0.977 0.821
* Abbreviations: a/b PCR, resolution/interval of the data used in
calibration using the PCR method; a/b PLS, resolution/interval of the data
used in calibration using the PLS method; n, number of PC or PLS factors
used in the calibration model; MD, mean difference from the reference
values; SDD, standard deviation of differences from the reference values;
SE, standard error; r, correlation coefficient. † Regression analysis used the
reference values as the independent (x) variable and the predicted values as
the dependent (y) variable.
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The results in each table were evaluated in terms of the MD,
slope, intercept, correlation coefficient and standard errors
associated with each parameter. With both sets 1 and 2, PLS
gave better results with a resolution of 4, and PCR gave better
results with a resolution of 8. A comparison of the results
obtained with sets 1 and 2 showed that, overall, air blanking
gave slightly better results than water blanking. According to
the results obtained for sets 3 and 4, a resolution of 4 gave better
results than a resolution of 8 with both PCR and PLS
calibrations. When the same regions of the spectra were used in
the calibrations, PCR gave better results than PLS with both a
resolution of 4 and 8. With a resolution of 8, PCR gave better
results even when the region 2800–3000 cm21 was included in
the calibration (PLS-2 option). However, with a resolution of 4,
PLS gave better results than PCR when the region 2800–3000
cm21 was included.
Overall comparison of the results from sets 1–4, showed that
PCR was better suited when a resolution of 8 was used and that
PLS was better suited when a resolution of 4 was used for data
acquisition. The best results were obtained with about 270
standards included in the model when a resolution of 4 was used
in PLS calibration with the spectral regions 3000–2800,
1600–1500 and 1300–1000 cm21 (PLS-2 column, Table 3).
All options considered in this study (except the PCR option in
Tables 3 and 4) gave MD values that were well within the 95%
confidence limits of the reference method, which were ±
0.064% casein. The results were comparable with or superior to
previously reported direct casein measurements by IR meth-
ods.8,9
Casein, being a protein, is expected to have peaks around
1650, 1550 and 1250 cm21 due to amide I, amide II and amide
Table 2 Comparison of the casein percentages predicted by calibration set
2 and those determined by the reference method
Water blank*
Sample* Reference 4/2 PCR 4/2 PLS 8/2 PCR 8/2 PLS
1 3.62 3.54 3.61 3.64 3.56
2 3.18 3.15 3.21 3.25 3.11
3 3.46 3.40 3.48 3.53 3.49
4 3.28 3.20 3.27 3.29 3.21
5 3.54 3.42 3.47 3.47 3.44
6 3.50 3.51 3.60 3.65 3.53
7 3.13 3.09 3.11 3.15 3.09
8 3.65 3.52 3.56 3.62 3.56
9 2.93 2.92 2.95 2.93 2.81
10 2.86 2.83 2.76 2.98 3.12
11 2.98 2.89 2.94 3.00 2.98
12 3.04 3.18 3.15 2.26 3.48
13 3.00 2.91 2.96 3.01 3.01
14 2.92 3.02 3.04 3.09 3.14
15 3.30 3.19 3.19 3.24 3.32
16 3.71 3.62 3.58 3.63 3.60
17 3.35 3.33 3.32 3.33 3.36
18 2.71 2.69 2.72 2.71 2.79
19 3.44 3.45 3.41 3.32 3.39
20 3.27 3.14 3.16 3.17 3.15
n 10 6 5 15
MD 0.044 0.019 0.030 20.014
SDD 0.072 0.073 0.193 0.144
Slope† 0.896 0.922 1.00 0.751
SE slope† 0.053 0.056 0.157 0.100
y Intercept† 0.295 0.232 20.036 0.820
SE 0.066 0.071 0.198 0.127
predicted
value†
r† 0.970 0.968 0.833 0.869
*
,
† See footnotes to Table 1.
Table 3 Comparison of the casein percentages predicted by calibration set
3 and those determined by the reference method
Sample* Reference PCR PLS PLS-2
1 3.62 3.51 3.51 3.60
2 3.18 2.98 3.02 3.14
3 3.46 3.42 3.45 3.48
4 3.28 3.21 3.23 3.27
5 3.54 3.43 3.44 3.50
6 3.50 3.56 3.56 3.53
7 3.13 3.10 3.10 3.10
8 3.65 3.55 3.56 3.58
9 2.93 2.79 2.82 2.91
10 2.86 2.79 2.91 2.67
11 2.98 2.91 2.94 2.91
12 3.04 2.97 2.97 3.04
13 3.00 2.98 2.98 2.97
14 2.92 3.05 3.04 3.03
15 3.30 3.26 3.27 3.23
16 3.71 3.67 3.66 3.59
17 3.35 3.25 3.25 3.30
18 2.71 2.65 2.66 2.65
19 3.44 3.40 3.42 3.43
20 3.27 3.07 3.08 3.12
n 26 13 10
MD 0.066 0.050 0.041
SDD 0.075 0.073 0.065
Slope† 0.974 0.941 1.00
SE slope† 0.061 0.058 0.052
y Intercept† 0.017 0.141 20.041
SE predicted 0.077 0.073 0.066
value†
r† 0.966 0.968 0.976
*
,
† See footnotes to Table 1.
Table 4 Comparison of the casein percentages predicted by calibration set
4 and those determined by the reference method
Sample* Reference PCR PLS PLS-2
1 3.62 3.53 3.58 3.60
2 3.18 3.11 3.12 3.15
3 3.46 3.46 3.39 3.43
4 3.28 3.20 3.21 3.26
5 3.54 3.39 3.42 3.47
6 3.50 3.56 3.55 3.53
7 3.13 3.03 3.05 3.09
8 3.65 3.51 3.52 3.57
9 2.93 2.83 2.80 2.89
10 2.86 2.82 2.80 2.81
11 2.98 2.87 2.90 2.95
12 3.04 3.06 3.09 3.20
13 3.00 2.92 2.96 3.00
14 2.92 3.07 3.06 3.04
15 3.30 3.21 3.25 3.23
16 3.71 3.65 3.54 3.57
17 3.35 3.28 3.29 3.30
18 2.71 2.66 2.72 2.70
19 3.44 3.28 3.35 3.38
20 3.27 3.06 3.16 3.17
n 7 10 10
MD 0.069 0.056 0.026
SDD 0.080 0.072 0.068
Slope† 0.928 0.893 0.894
SE slope† 0.063 0.053 0.049
y Intercept† 0.165 0.290 0.316
SE predicted 0.080 0.067 0.062
value†
r† 0.961 0.970 0.974
*
,
† See footnotes to Table 1.
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III, bands respectively.10 A spectrum of casein taken as a
potassium bromide pellet11 shows the three distinct amide
bands and another strong band in the region 2900–3000 cm21,
due to C–H stretching. Although the above-mentioned bands
are not specific to casein, the exact wavelength of absorption
may be influenced by the interaction of the IR-active groups
such as amide and C–H within the protein molecule.
The only theoretical possibilities of specific bands for casein
versus whey proteins are as follows:
(i) Phosphate bands between 1200 and 1300 cm21 due to
covalent phosphate and between 1000 and 1100 cm21 due to
ionic and covalent phosphate. The phosphorus in milk occurs
entirely in casein and is not found in whey proteins. The
phosphorus in casein is bound mainly in ester linkages with the
hydroxyl groups of serine and threonine.12
(ii) The amino acids cystine and cysteine are mainly present
in whey protein and the levels of these amino acids in casein are
negligible.12 The S–H stretch vibration, which occurs around
2500–2600 cm21, is the only vibration due to these two sulphur
amino acids that could theoretically be observed with the
calcium fluoride cell. (The other vibrations, S–S and C–S, lie
below 1000 cm21, which is the cut-off for the calcium fluoride
window.)
In this study, we observed a good correlation with the amide
II band (1550 cm21) but not with the amide I band (1650 cm21)
because the region 1600–1700 cm21 was blanked out. A strong
correlation was also observed with the region 2800–3000 cm21,
due to the C–H stretching. Peaks below 1400 cm21 (fingerprint
region) depend on the overall molecular structure rather than the
functional groups. Therefore, the correlations observed in the
region 1300–1000 cm21 can be assigned to a variety of
functional groups such as amide III (1250 cm21) and the
phosphate bands (1200–1300 and 1000–1100 cm21). A plot of
coefficient weightings (weighting of the regression coefficients
of the model versus wavenumbers) obtained for calibration set
1 (Fig. 1) shows the typical spectral regions that are correlated
with the casein concentration in milk, with all models in Tables
1 and 2.
Quantitative analysis of the components in milk by IR
spectrometry is based upon the Beer–Lambert law. Therefore,
the conditions required for the Beer–Lambert law must be
satisfied. Fat is a major problem in that it is not soluble in the
matrix and exists as a suspension even after homogenization.
Lactose, although soluble, is present in high concentration and
makes the Beer–Lambert law invalid at higher concentrations.
A common problem associated with all IR methods is that there
are no specific or unique wavelengths of absorption for any of
the components such as fat, lactose and protein (e.g., bands such
as C–H and amide are correlated with the concentration of
casein in the present study although they are not specific for
casein). In this respect, the Fourier transform option is superior
to the filter option of spectrophotometers because the determi-
nation is not based on a single wavelength that is not unique for
the analyte of interest.
The worst problem encountered in the composition analysis
of milk by a secondary method such as IR spectrometry is the
extremely narrow range of concentrations found in milk of the
analytes of interest (e.g., the casein concentration varies only
between 2.5 and 4%). This demands extremely high precision
from any method in order to distinguish between two samples in
terms of their composition. In this case, the only options
available are to increase the precision of the method by
including a large number of samples in the calibration and to
increase the number of replicate analyses carried out for each
sample.
Conclusion
It is clear that FTIR spectrometry is capable of the direct
measurement of the casein in raw milk. This is a definite
improvement, as far as speed and simplicity are concerned, over
filter instruments where casein is measured by the difference in
protein content before and after precipitation of the casein. The
instrument used in this study was not equipped with automated
sample handling. If a simple automated sample handling
procedure was in place, the sample throughput would easily be
over a 100 per hour, a tremendous improvement over the
throughput of the IDF method of about two per hour.
The authors thank Colin Hughes, Robert Crawford, John Allen
and Brett Ennis (Tui Milk Products) for their support in this
study and Donald Fisher for technical assistance.
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Fig. 1 QUANT+ coefficient weightings (regression coefficient) plot
obtained for casein using calibration set 1 (resolution of 8 cm21, PCR
model).
704 Analyst, July 1997, Vol. 122
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
97
. D
ow
nl
oa
de
d 
on
 1
2/
10
/2
01
5 
04
:0
5:
34
. 
View Article Online
